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摘  要 
目的：探讨 17β-雌二醇能否在体内外激活骨关节炎（OA）软骨细胞 PI3K/Akt 信号通路，
同时促进 OA 软骨细胞增殖、抑制其凋亡，了解临床上应用雌激素治疗 OA 的可能机制，
并求证关节腔局部注射雌激素治疗 OA 的可行性。 
方法：（1）体外模拟 OA 软骨细胞培养：采用机械分离和酶消化法分离培养软骨细胞，
免疫组织化学（IHC）染色技术鉴定；IL-1β（10ng/ml）与软骨细胞共培养诱导体外模
拟 OA 软骨细胞。（2）大鼠 OA 动物模型建立及关节腔注射：前交叉韧带横断联合内侧




blotting，WB）检测 OA 软骨细胞、OA 软骨组织中蛋白激酶 B（PKB/Akt）和磷酸化
Akt（p-Akt）的表达水平，（4）蛋白定位：免疫荧光技术标记软骨细胞中表达的 PKB/Ak，
并用激光共聚焦显微镜扫描对其进行定位分析；（5）增殖与凋亡检测：采用“BrdU 细




17β-雌二醇可以促进体外模拟 OA 软骨细胞中 PKB/Akt 和 p-Akt 的表达，并呈时间依赖
性和浓度（剂量）依赖性；在 17β-雌二醇给药作用 30min 后，能明显促进体外模拟软
骨细胞增殖，而且该效应能被 PI3K 抑制剂 LY294002 所阻断。体内实验中发现，大鼠
OA 动物模型，术侧 Mankin 评分为 4-6 分，而对照侧为 0-1 分，提示采用“ACLT + MMx”
手术方法诱导的大鼠 OA 动物模型，处于 OA 疾病的早中期阶段，适合进行药物干预治
疗实验；17β-雌二醇可以增强 OA 软骨组织 PKB/Akt 和 p-Akt 的表达，并呈明显的剂量
依赖性；术后 9 周、12 周的 OA 软骨组织中软骨细胞凋亡率：关节腔注射低剂量雌激
















为 49.37%、49.81%和 57.56%、56.76%(P＜0.01)，较之于安慰剂组 42.86%和 46.12%的
凋亡率明显增高—即促进软骨细胞凋亡。 
结论：在体内外实验中证明 17β-雌二醇可以促进 OA 软骨细胞增殖、抑制其凋亡，而且
该作用机制很大程度上是通过激活 PI3K/Akt 信号通路介导的；应用关节腔局部注射雌
激素治疗 OA 是可行、有效的。 






































Objectives: To investigate whether 17β-estradiol(E2) could activate PI3K/Akt signaling 
pathway in osteoarthritic chondrocytes in vivo and in vitro，even promote proliferation and 
inhibit apoptosis of chondrocytes in osteoarthritis(OA) cartilage, so as to understand one of 
mechanisms of estradiol’s protective effects against OA in clinic, and verified the feasibility 
of local administration, articular injection of E2 for treatment for OA. 
Methods: 1) Culture of chondroctyes and establishment of OA model in vitro:  
Chondrocytes were cultured with mechanical and enzymatical isolation and identified with 
immunohistochemistry technology. A rat in vitro model of OA was induced using 10ng/mL 
IL-1β as a modulating and chondrocyte apoptosis inducing agent. 2) Establishment of animal 
model of OA in rats and intra-articular injection of E2: Animal models of OA in rats were 
surgically induced with the anterior cruciate ligament transaction combining with resection of 
part of medial menisci (ACLT+MMx), and evaluated with a modified Mankin scoring system. 
OA rats were received bilateral ovariectomy (OVX) to mimic the lack of estrogen in 
postmenopause women with OA, and then, randomly assigned to 4 treatment groups to 
receive intra-articular injection with E2. 3) Detection of protein in OA chondrocytes and 
cartilage: Expression of Protein Kinase B (PKB/Akt), p-Akt and PKC-α in OA chondrocytes 
and cartilage were detected with Western blot analysis. 4) Location of PKB/Akt in 
chondrocytes: PKB/Akt in chondrocytes was also detected with immunofluorescence 
technology and examined by the confocal microscopy. 5) Examination of proliferation and 
apoptosis of chondrocytes: BrdU Cell Proliferation Assay was used to examine the 
proliferation of OA chondrocytes. In situ apoptosis of chondrocytes in OA cartilage was 
detected with the TUNEL technique. 
Results: With observation，in vitro, both the ability of proliferation and the percentage of 















passage of isolated chondrocytes were much higher than that in the following passages. 
Expressions of PKB/Akt and p-Akt were activated with the stimulation of E2 in OA 
chondrocytes and showed dosage-dependence and time-dependence with E2. Meanwhile, E2 
showed the ability to promote proliferation of OA chondrocytes, treated with E2 for 30 min, 
which could be blocked by PI3K inhibitor, LY294002. In vivo, the result of Mankin scoring 
showed 4-6 in“ACLT + MMx” joints, compared with 0-1 in control group, suggesting that 
our surgically induced animal model represented the early stage of OA in rats, which was 
suitable for the evaluation of disease-modifying therapeutic agents for OA. And expressions 
of PKB/Akt and p-Akt were activated with intra-articular injection of E2 in OA cartilage, 
which also showed dosage-dependence with E2.  At nine and twelve weeks postoperatively, 
compared with group of place-bo, 42.86% and 46.12%, respectively, intra-articular injection 
with low-dosage of E2(0.0835mg/kg body weight) decreased the percentage of apoptotic 
chondrocyte in OA cartilage, which was 37.18% and 44.10%, respectively(P＜0.01). 
Whereas, local administration with middle-dosage and high-dosage of E2 increased the 
percentage of apoptotic chondrocytes in OA cartilage, which were 49.37%、49.81% and 
57.56%、56.76%, respectively (P＜0.01).  
Conclusion: We firstly demonstrated that, in vitro and in vivo, E2 could promote proliferation 
and inhibit apoptosis of OA chondrocytes, which is probable mediated by activating the 
PI3K/Akt signaling pathways. Local administration, intra-articular injection of E2 to treat OA 
is feasible and effective. 
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雌激素对骨关节炎软骨细胞中蛋白激酶 B 的影响 
 
 1














认为 4，软骨细胞凋亡(chondrocyte apoptosis)，作为软骨细胞死亡(chondrocyte death)的
主要方式之一，在 OA 疾病的发生、发展过程中起着关键、决定性作用，同时也一致认
为，促进软骨细胞增殖、抑制软骨细胞凋亡可以作为早、中期 OA 治疗的重要切入点 5。 
蛋白激酶 B(Protein Kinase B, PKB) 又称 Akt，是丝氨酸/酪氨酸家族成员之一，广
泛分布于哺乳类细胞中， 为主要的功能是促进细胞生长、抑制凋亡。细胞外生物活性
物质可通过磷酯酰肌醇-3 激酶(Phosphoinositide 3 Kinase，PI3K)途径使 Akt 的苏氨酸
（Thr308）和 C-末端的丝氨酸（Ser473）被磷酸化，从而激活 Akt。Akt 继而磷酸化细
胞死亡通路相关蛋白（如 BAD, Forkhead, CREB, MDM2, 和 NF-κB 等），使之失活，从
而抑制细胞死亡 6。Oh 等 7 发现兔关节软骨细胞中胰岛素样生长因子-1(IGF-1) 通过调节
PI3K、PKB、ERK、p38 激酶和 PKC 信号抑制 NO-诱导的关节软骨细胞的去分化和凋亡；有实
验 8 提示骨形态发生蛋白-2(BMP-2) 通过增加 Akt 磷酸化介导的软骨细胞存活；而增加


















加 PKB/Akt 在软骨细胞内的表达，或可作为干预治疗 OA 的一个切入点。 
流行病学研究发现 10, 11，50 岁以前男性 OA 患病率高于女性，50 岁以后女性则明
显高于男性；在围绝经期和绝经后，妇女的 OA 发病率较前明显增高，且严重程度加深，
因此 1926 年 Cecil 等首次提出“绝经后关节炎”的概念，亦被很多学者接受。许多实验
研究 12 发现雌激素替代治疗（ERT）能降低 OA 发生、发展的危险性，改善其临床症状，







疗 OA 的可能作用机制之一，也为将来临床可能更广泛地应用 ERT 治疗 OA，尤其是应
用于患有早中期 OA 的围绝经期女性提供理论依据。同时，由于全身应用 ERT，可能会
引起乳房疼痛、出血、子宫内膜增厚等 16，甚至增加乳腺癌、子宫内膜癌等疾病的风险，
因此试着采用关节腔注射局部应用雌激素并观察其疗效，以求 大程度降低全身应用
ERT 可能引起的副作用，并为临床应用 ERT 治疗 OA 寻找新的给药途径提供参考依据。 
本实验，我们拟通过酶消化法获取并培养软骨细胞，并通过 IL-1β与软骨细胞共培
养诱导体外模拟 OA 软骨细胞 17，从而在体外实验中证明雌激素可以通过激活 PI3K/Akt
信号通路，并促进 OA 软骨细胞损伤修复和增殖。同时，我们通过手术方法破坏关节稳
定性以建立大鼠 OA 动物模型，并通过关节腔注射雌激素，试图在体内实验中证明，局
部应用雌激素可以增加 OA 软骨组织中 PKB/Akt 的表达，减少 OA 软骨组织中软骨细胞
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